Background To determine the proportion of participants identified with previously undiagnosed diabetes and untreated hypertension in the Heart and Stroke Foundation South Africa's screening programme.
Introduction
The rates of major cardiovascular disease (CVD) risk factors such as hypertension, diabetes and dyslipidaemia are high and on the rise in South Africa [1] [2] [3] an upper-middle income country with a population of 53 million in 2013. 4 In 2012, stroke, ischaemic heart disease, diabetes and hypertensive heart disease were among the 10 leading causes of mortality, responsible for 19.3% of deaths. 5 The high morbidity and mortality associated with CVDs underscore the need for intensified efforts to improve diagnosis and management of these conditions. Early identification of South Africans with asymptomatic and undiagnosed hypertension, diabetes and dyslipidaemia, along with appropriate management of individuals with known CVD risk factors, is needed to prevent unnecessary adverse events.
To this end, the Heart and Stroke Foundation South Africa (HSFSA), a non-profit, non-governmental organisation established in 1980, aims to play a role in reducing the burden of CVD in the country by improving awareness and conducting screenings for CVD risk factors. In 2013, the HSFSA implemented a year-long multicity CVD screening programme to educate and raise public awareness about CVD risk factors. This was in line with its mandate to encourage South Africans to 'know your numbers' with regards to their CVD risk factor status.
The aim of this study was, therefore, to determine the proportion of participants identified with previously undiagnosed diabetes and untreated hypertension in the HSFSA's population-based screening programme, and to ascertain the associations with hypertension, diabetes and hypercholesterolaemia. Furthermore, this study determines whether the current screening strategy allows for the optimal detection of individuals with diabetes and hypertension.
Methodology Study design and sampling procedure
This cross-sectional study was conducted over an 11-month period from February 2013 to December 2013 among ≥18-year-old men and women self-selected for CVD screenings. Screenings were conducted in the following five of the nine provinces (Appendix Figure A1 ): Gauteng (seven sites), Free State (one site), Western Cape (eight sites), Eastern Cape (five sites) and KwaZulu-Natal (eight sites). Considerations such as transportation and accommodation costs, and that the HSFSA has offices in the latter three provinces enabling easy access influenced the selection of these provinces for the screenings. The screening sites were situated mainly within urban and semi-urban settings; rural settings were not included due to a lack of resources and the large geographical distances that would need to be covered.
Screening sites were selected based on where there would be greatest exposure to the public such as shopping malls, church halls, community centres, wellness centres and schools. Awareness of the screening sessions were raised via community newspapers, community radio stations and the HSFSA website (www.heartfoundation.co.za) with all men and women ≥18 years of age, who were able to provide informed consent, invited to participate. Screenings were conducted in the local languages including Xhosa, Zulu, English and Afrikaans. About 85 participants were screened per day.
Data collection
The fieldwork was conducted by nursing professionals who had received almost 2 weeks of intensive training including assessments of their knowledge post-training. The fieldworkers comprised three HSFSA nursing staff and 12 additional nursing staff who had been hired for the screenings. Three nurses conducted each screening session.
Individuals voluntarily presented themselves to the testing sites and provided written informed consent for the screenings. Participants completed the HSFSA's 'Cardiovascular Health Check' form. Questions included were related to the following: demographic data, self-reported relevant family and personal medical history, self-reported dietary history pertaining to intake of fruit and vegetables, high salt foods and high fat foods, and self-reported history of physical activity levels, smoking and alcohol use.
Thereafter, the clinical measurements of blood pressure (BP) and anthropometry were taken. Two BP measurements were taken using an Omron M2 digital monitor, when the participant was seated and relaxed, with an appropriately sized cuff. Weight was measured to the nearest 0.1 kg with the subject wearing light clothing and standing barefoot on a portable scale that was regularly calibrated. Height was measured to the nearest 0.1 cm with the participant standing barefoot using a stadiometer.
Point-of-care biochemical assessments were conducted to determine raised random blood glucose (RBG) using an Accutrend glucometer and hypercholesterolaemia using an Accuchek Active machine.
Definitions
Participants were classified according to the previously defined official South African population groups, which comprised black African (79.8%), coloured (9.0%), white (8.7%) and Indian (2.5%) in 2013. 4 The coloured group describes people of mixed ancestry who are of Khoisan, Malaysian, Griqua, black African and white descent. 6 Personal and family medical history of cardiac illness was defined as having a heart attack, angina, cardiac surgery or any other cardiac problems. A paternal or maternal history of cardiac illness or stroke before the age of 55 years or 65 years, respectively, was described as early onset cardiac problems or stroke.
Standardized, international cut-off values were used to define hypertension, diabetes, hypercholesterolaemia and adiposity (7) (8) (9) (10) . The average of the two BP readings was used for the analyses. Systolic BP ≥140 mmHg and/or diastolic BP ≥90 mmHg or the use of anti-hypertensive agents defined hypertension. 7 A RBG ≥11.1 mmmol/l was considered suggestive of diabetes mellitus while RBG 7.8-11.1 mmol/l was defined as impaired glycaemia and further investigations were recommended. 8 Participants with total cholesterol ≥5 mmol/l were recommended for further investigations. 9 Body mass index (BMI), calculated as the individual's weight in kilograms divided by their height in metres squared (kg/m 
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Data analysis and statistical interpretation Data were analysed using Stata version 14. Associations between age groups and demographic factors, lifestyle behaviours, food intake and self-reported medical history were explored using the chi-square test or Fisher's exact test where applicable. Differences in mean BMI, BP, RBG and total cholesterol between age groups were explored using ANOVA. A univariate logistic regression was performed for each variable to determine the effect on the odds of hypertension, diabetes and hypercholesterolaemia. Variables with a P-value of ≤0.05 (the criteria used for statistical significance) from the univariate analysis were then used to construct the multivariate models. These results are presented as odds ratios (ORs) with the corresponding 95% confidence intervals (CIs).
The South African Medical and Research Council's Research and Ethics Committee approved the study.
Results
There were 7711 participants, 2488 men and 5223 women, included in this study whose mean ages were 47.6 and 48.6 years, respectively. At 35.5%, black Africans comprised the largest proportion of the sample ( Table 1) .
Half of the men and 45.7% of the women reported exercising for at least 30 min on 5 days of the week (Table 2) . Surprisingly, at 62.0% and 59.7%, respectively, the oldest men and women reported being the most active. Smoking and alcohol use were significantly higher in men (24.9% and 41.6%) than in women (13.1% and 21.5%), P < 0.001 for both. Younger men and women smoked and consumed alcohol significantly more than their older counterparts (P < 0.001). Notably, across gender and age groups, the majority of those that consumed alcohol drank excessively. Approximately half of the participants consumed foods high in fat and salt regularly ( Table 2 ). There was an inverse association by age category with the highest consumption of unhealthy foods reported in the youngest participants. Lifestyle behaviours, dietary patterns and medical history presented by hypertension and diabetes status are included in Appendix Table A1 .
The mean BMI for men and women was in the overweight range at 27.3 and 29.8 kg/m 2 , respectively (Table 3) . Among alcohol consumers, men who drank ≥2 units/day or women who drank ≥1 unit/day. b Any cardiac problem or stroke in a father before 55 years of age or in a mother before 65 years of age.
*P < 0.001 for all categories.
EFFECTIVENESS OF A CARDIOVASCULAR SCREENING PROGRAMME Approximately half of the men (51.8%) and women (48.9%) had hypertension with these rates peaking in older age: 75% of men ≥55 years of age and 81% of women ≥65 years of age had hypertension. Among those with hypertension, 52.0% and 63.1% of men and women, respectively, were using anti-hypertensive medication. Of those on treatment, 43.2% of men and 45.5% of women had controlled hypertension (BP <140/90 mmHg).
Mean RBG levels were 6.5 and 6.4 mmol/l in men and women, respectively, peaking in 55-64 year-old adults (7.1 mmol/l). The prevalence of diabetes was 13.8% (men) and 12.8% (women) but only 1.8% (45) and 0.9% (47), respectively, were newly diagnosed. Another 14.5% and 12.4% of men and women had impaired glycaemia. Only a third of men (32.9%) and women (36.3%) with known diabetes were controlled (RBG <7 mmol/l).
Mean total cholesterol levels in men and women were in the normal range at 4.7 and 4.8 mmol/l but about a third of participants (31.6% men and 37.3% women) had raised levels. Table 4 presents the multivariate associations of hypertension, diabetes and hypercholesterolaemia in men and women. Increasing age, living in the Eastern Cape or Free State compared with the Western Cape, self-reported history of a cardiac problem or stroke, self-reported diabetes and being overweight or obese were significantly associated with hypertension in both men and women. Additionally, compared with black African women, Indian women were more likely (OR: 1.31, 95% CI: 1.01-1.69) while white women were less likely (OR: 0.55, 95% CI: 0.44-0.69) to have hypertension.
The likelihood of having diabetes was significantly related to increasing age, Indian population group, self-reported history of a cardiac problem or stroke, self-reported hypertension and being overweight or obese, and less likely in white men and women compared with their black African counterparts. Diabetes in men was also associated with a maternal history of early onset cardiac problems or stroke (OR: 2.00, 95% CI: 1.30-3.06) and in women with a lower likelihood of alcohol use (OR: 0.70, 95% CI: 0.52-0.94).
Increasing age, living in the other provinces compared with the Western Cape (except for the Eastern Cape in women), belonging to the other population groups compared with being black African, and being obese (men: OR: 1.53, 95% CI: 1.21-1.94; women: OR: 1.19, 95% CI: 1.02-1.39) were significantly associated with hypercholesterolaemia.
Discussion
Main finding of this study This is the first study undertaken to determine the effectiveness of the HSFSA's screening programme in identifying individuals with raised CVD risk factors, in particular hypertension, diabetes and hypercholesterolaemia. With one in two adults having hypertension, this study reinforces the high prevalence of hypertension in the country, which were reported in previous studies. 1, 11 Also highlighted was the need for increased screening and better management of hypertension because only half of the men and less than two-thirds of the women with hypertension were using anti-hypertensive treatment. Furthermore, control of hypertension was suboptimal because less than half of those on treatment had BP <140/90 mmHg.
The diabetes prevalence of 13-14% accords with that reported in Cape Town in 2008-09. 3 However, in that crosssectional representative study, about half the men and less than two-thirds of the women were aware of their diagnosis whereas most of the men (87%) and women (93%) in this screening programme had known diabetes. This highlights that a general screening programme, instead of identifying individuals with unknown diabetes, mostly attracts previously Among those with hypertension or diabetes, the proportion that was known.
*P < 0.001 for all categories except for known diabetes in men (P = 0.108), hypertension control in men (P = 0.008) and diabetes control (men: P = 0.054, women: P = 0.043).
EFFECTIVENESS OF A CARDIOVASCULAR SCREENING PROGRAMME e39 diagnosed diabetes patients who are volunteering for a free scan of their known condition. Noteworthy, however, is that while most participants with diabetes were aware of their diagnosis, only a third were controlled, which reflects poorly on their diabetes care. Unhealthy lifestyle behaviours were generally higher in younger participants. Two-thirds to three-quarters of young adults regularly consumed foods high in salt and fats, which is disconcerting because this is likely to contribute to the development of hypertension, and overweight and obesity in these individuals.
The higher prevalence of smoking in younger compared with older men and women indicates the uptake of this risky behaviour early in life. That smoking remains popular among the younger generation despite the current antismoking legislation in South Africa suggests the need for There was a non-significant association between this variable and either hypertension, diabetes or raised total cholesterol in the unadjusted models and it was subsequently not entered into the adjusted models.
*P < 0.05; family medical history includes any cardiac problem or stroke in a father before 55 years of age or a mother before 65 years of age.
e40 JOURNAL OF PUBLIC HEALTH novel strategies aimed at this group to prevent their uptake of tobacco use. Similarly, alcohol use was more prevalent in younger compared with older participants; over half of the men and a third of the women, 18-24 years of age, consumed alcohol with all being problem drinkers. Overall, 98-100% of men and women across age categories who drank alcohol described a pattern of excessive consumption, which is of grave concern.
What is already known on this topic The alcohol use pattern of regular excessive consumption has been reported previously in South Africa and is a manifestation of the prevailing societal norms and attitudes that favour erratic heavy drinking. 16, 17 There is an urgent need for comprehensive alcohol legislation to curb the pattern of risky alcohol consumption. However, in stark contrast to the implementation of tobacco legislation, there has been a failure to acknowledge and address alcohol as an increasingly important factor, not only for CVDs and other noncommunicable diseases, but also for the current extremely high burden of violence and injury in the country. 18 What this study adds Currently, to prevent discrimination on any basis, screening is offered to all adults. However, given that very few individuals with newly diagnosed diabetes were identified, this study underscores the need to improve the cost-effective diagnosis of unknown diabetes by using more prudent criteria to optimally identify individuals at high risk for the condition. If the SEMDSA guidelines were used to screen only high-risk individuals, 88.9% (men) and 72.3% (women) of newly diagnosed diabetes would have been identified. One in 10 men and about a quarter of the women would have been missed. Ideally, given the high prevalence of hypertension, and its suboptimal levels of treatment and control, all adult volunteers should be screened for high BP. Thereafter, individuals identified as high-risk for diabetes on screening questionnaire should undergo glucose testing; this may be more efficient and cost-effective in detecting individuals with unknown diabetes. Therefore, this study provides valuable insights to optimize and improve the effectiveness of the HSFSA's screening programme with regards to targeting the appropriate highrisk individuals.
Although the optimal characteristics for identifying highrisk individuals in the South African context have yet to be determined, these study findings agree with the SEMDSA guidelines where older adults, those with overweight or obesity, hypertension or a relevant medical history and of Indian descent were more likely to have diabetes. This study, therefore, offers much needed local evidence to guide the development of the South African Department of Health (DoH) national screening strategy for diabetes and hypertension. The development and validation of a screening questionnaire in the local population should be a priority area of future research. This will provide the evidence to develop a clear policy for screening of CVD risk factors, particularly diabetes in South Africa.
Limitations of this study
The strength of this study includes the large numbers of men and women that participated across population groups and provinces. However, these were not representative by population group with under-representation of black Africans and over-representation of other population groups, nor by province where there was an over-representation of the Western Cape population.
The self-selection of participants into the study i.e. convenience sampling is a limitation, particularly for its inability to adequately identify individuals with unknown diabetes. Given that the prevalence of diabetes in this study closely approximated that of the general population, while identifying few newly diagnosed individuals, suggests that the characteristics of participants who self-select for screening may either be (i) those with known diabetes or (ii) individuals who undergo regular screening and are therefore aware of not having the condition. This underscores the need for a change in recruitment strategy to one that will encourage more high-risk individuals to undergo screening.
The use of BP readings from a single visit instead of at least three separate occasions to determine hypertension was another limitation.
The use of RBG as a screening tool for diabetes may not be optimal because it lacks sensitivity and specificity. 19 However, there is no perfect test available for diabetes screening at present with tests such as the glycosylated haemoglobin test being more expensive and the oral glucose tolerance test inconvenient and cumbersome. 20 The ideal screening test needs to be reliable, high performance, convenient and low-cost.
The self-reported dietary questions proved not to be very useful in identifying individuals at high risk for cardiometabolic diseases as demonstrated by the absence of an association of the dietary factors assessed with hypertension, diabetes or hypercholesterolaemia. This probably indicates the need for more in-depth dietary history to discern any dietary patterns of note.
The absence of a meaningful relationship between physical inactivity and diabetes or hypertension highlights the possible inaccuracies associated with self-reported activity levels. Reinforcing this, and suggesting likely over-reporting of physical activity, were the high levels in men and women ≥65 years of age, which were higher than that reported in their younger counterparts. Furthermore, in view of the high overweight and obesity prevalence, it is unlikely that almost half the total sample met the recommended physical activity guidelines as reported in this study.
Smoking was also self-reported, instead of using objective measures such breath monoxide or blood cotinine levels, and may have been underestimated.
Conclusion
This study provides invaluable information for the HSFSA to adapt and improve their CVD screening programme and additionally affords insights for the development of a national DoH CVD screening strategy in South Africa. It particularly highlights the need for targeted screening by encouraging individuals at high risk for diabetes to undergo screening rather than allowing for self-selection where mainly those with the condition present themselves for testing. Such a strategy will enable cost-effective screening and detection of diabetes. This study also underscores the suboptimal levels of BP and glucose control. There is a need for high impact essential interventions to strengthen early detection and timely treatment with cost-effective measures implemented through a primary healthcare approach to achieve these goals. 
